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[57] ABSTRACT 

A gas turbine engine flow mixer includes at least one 
chute having First and second spaced apart sidewalls 
joined together at a leading edge, with the sidewalls 
having first and second trailing edges defining therebe- 
tween a chute outlet. The first trailing edge is spaced 
longitudinally downstream from the second trailing 
edge for defining a septum in the first sidewall extend- 
ing downstream from the second trailing edge. The 
septum includes a plurality of noise attenuating aper- 
tures. 

11 Claims, 2 Drawing Sheets 
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SOUND SUPPRESSION MIXER 

The U.S. Government has rights in this invention in 
accordance with NASA Contract No. NAS3-25415. 5 

The present invention relates generally to gas turbine 
engines, and, more specifically, to sound suppression of 
exhaust gases therefrom. 

BACKGROUND OF THE INVENTION 10 

An aircraft gas turbine engine discharges exhaust 
gases in a jet at high velocity for propelling the aircraft 
in flight. The exhaust gases expand into the ambient air 
upon discharge from the engine and generate consider- 15 
able jet noise. Various techniques are known for reduc- 
ing jet noise including specially designed exhaust noz- 
zles for reducing noise due to shock waves; convergent- 
divergent (CD) nozzles to reduce noise due to shock 
waves; suppressor nozzles to shift generated noise to 20 
frequencies that are more readily absorbed by the atmo- 
sphere or acoustic liners; ejectors for mixing the exhaust 
gases with ambient airflow to reduce the mean jet ve- 
locity and, thereby, noise; and porous plug nozzles to 
promote mutual cancellation between expansion and 25 
compression waves. 

These various noise suppression techniques operate at 
varying effectiveness and with varying penalties in 
terms of propulsion system size, weight, efficiency, 
performance, and cost, for example. Accordingly, im- 30 
proved sound suppression devices are desirable for 
effectively suppressing noise in a simple structural ar- 
rangement, with minimal drag losses and performance 
penalties while being readily manufacturable. 35 

SUMMARY OF THE INVENTION 

A gas turbine engine flow mixer includes at least one 
chute having first and second spaced apart sidewalls 
joined together at a leading edge, with the sidewalls 4 0 
having first and second trailing edges defining therebe- 
tween a chute outlet. The first trailing edge is spaced 
longitudinally downstream from the second trailing 
edge for defining a septum in the first sidewall extend- 
ing downstream from the second trailing edge. The 45 
septum includes a plurality of noise attenuating aper- 
tures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, in accordance with preferred and 50 
exemplary embodiments, together with further objects 
and advantages thereof, is more particularly described 
in the following detailed description taken in conjunc- 
tion with the accompanying drawings in which: 

FIG. 1 is a schematic representation of an exemplary 5 
turbofan gas turbine engine for powering an aircraft in 
flight which includes a sound suppression mixer in ac- 
cordance with one embodiment of the present inven- 
tion. 60 

FIG. 2 is a transverse, partly sectional view of the 
exhaust nozzle of the engine illustrated in FIG. 1 show- 
ing in more particularity a plurality of spaced apart 
mixer chutes taken along line 2 — 2. 

FIG. 3 is a perspective view of an exemplary one of 65 
the chutes illustrated in FlfjS. 1 and 2. 

FIG. 4 is a transverse sectional view of adjacent ones 
of the chutes illustrated in FIG. 1 taken along line 4 — 4. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

Illustrated schematically in FIG. 1 is an exemplary 
turbofan gas turbine engine 10 effective for powering an 
aircraft at subsonic and supersonic velocities. The en- 
gine 10 includes in serial flow communication about a 
longitudinal centerline axis 12 conventional compo- 
nents including a fan 14, a compressor 16, combustor 18, 
high pressure turbine (HPT) 20, a low pressure turbine 
(LPT) 22, and an afterburner or augmenter 24. The fan 
14 is powered by the LPT 22 through a shaft extending 
therebetween, and the compressor 16 is powered by the 
HPT 20 through another shaft extending therebetween. 

During operation, ambient airflow 26 enters the fan 
14 and an outer portion bypasses the compressor 16 
through an annular bypass duct 28, and an inner portion 
is compressed by the compressor 16. The compressed 
airflow is then channeled to the combustor 18, mixed 
with fuel and ignited for generating combustion or ex- 
haust gases 30 which flow through the HPT 20 and the 
LPT 22 which extract energy therefrom for powering 
the compressor 16 and the fan 14, respectively. 

During dry operation of the engine 10, the exhaust 
gases 30 are simply discharged from the afterburner 24 
through a conventional converging-diverging (CD) 
nozzle 32. The exhaust nozzle 32 is a two-dimensional 
(2-D) nozzle in this exemplary embodiment, although in 
alternate embodiments it may be axisymmetric, and 
includes selectively positionable primary flaps 34 and 
secondary flaps 36 joined thereto for varying both the 
throat area and the discharge flow area of the nozzle 32. 
In wet operation, additional fuel is added to the exhaust 
gases 30 in the afterburner 24 and ignited for generating 
additional thrust for propelling the aircraft powered by 
the engine 10 at maximum velocity. 

During takeoff operation of the engine 10 for provid- 
ing suitable thrust for takeoff operation of the aircraft, 
considerable noise is generated by the exhaust gases 30 
discharged from the exhaust nozzle 32. In order to at- 
tenuate or suppress the noise from the exhaust gases 30, 
a plurality of transversely spaced apart chutes 38 are 
used in combination with the CD nozzle 32 for mixing 
the ambient airflow 26 with the exhaust gases 30 inside 
the nozzle 32. As shown in FIG. 1, the exhaust nozzle 
32 also includes a conventional ejector 40 having an 
inlet 42 for receiving the ambient airflow 26 from out- 
side the engine 10, with the ejector inlet 42 being dis- 
posed in flow communication through a suitable duct 
with the chutes 38 for channeling the airflow 26 there- 
through for mixing with the exhaust gases 30. 

As shown in FIGS. 2 and 3, each of the chutes 38 is 
generally U-shaped and has first and second longitudi- 
nally extending and transversely spaced apart sidewalls 
44, 46 joined together at an arcuate leading edge 48 over 
which are flowable the exhaust gases 30. The first and 
second sidewalls 44, 46 are generally parallel to each 
other in this exemplary embodiment and transversely 
spaced apart at a first width W 1 to define therebetween 
a first channel 50 for channeling the airflow 26 there- 
through. The first and second sidewalls 44, 46 further 
include respective first and second trailing edges 52, 54 
defining therebetween an elongate chute outlet 56 for 
discharging the airflow 26 from inside the chute 38 for 
mixing with the exhaust gases 30 channeled outside the 
chute 38. 

As shown in FIG. 3, the chute first and second side- 
walls 44 and 46 are generally triangular in this exem- 
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plary embodiment, and the chute leading edge 48 is 
inclined relative to the chute first and second trailing 
edges 52, 54 in an upstream direction from the bottom 
of the chute 38 to the top of the chute 38 at an inclina- 
tion angle A of about 30°, for example, measured rela- 5 
tive to the engine longitudinal axis 12 when the chute 38 
is in its fully deployed position. The first and second 
sidewalls 44, 46 have respective first and second top 
edges 58, 60 which extend from the leading edge 48 to 
the first and second trailing edges 52, 54, respectively, 10 
and are spaced transversely apart to define a chute inlet 
62 disposed in flow communication with the ejector 
inlet 42 (FIGS. 1 and 2) for receiving the ambient air- 
flow 26 therefrom when required. 

In the embodiment of the chutes 38 in combination 15 
with the 2-D exhaust nozzle 32 as illustrated in FIGS. 1 
and 2, the chutes 38 are laterally or horizontally spaced 
apart from each other in a vertical plane with the chute 
inlets 62 being aligned in a common horizontal plane. 
The chutes 38 are preferably disposed at an upstream 20 
end of the exhaust nozzle 32 and are conventionally 
selectively extendable inwardly into the exhaust gases 
30 flowable through the exhaust nozzle 32, as well as 
being retractable therefrom. As shown in solid line in 
FIG. 1, the primary and secondary flaps 34 and 36 are 25 
selectively positioned by a conventional actuator for 
obtaining maximum discharge flow area, and the chutes 
38 are selectively positioned to extend radially inwardly 
from the primary flaps 34 into the exhaust gases 30. And 
shown in phantom line in FIG. 1, the chutes 38 are 30 
retracted upwardly through the primary flaps 34, and 
the primary and secondary flaps 34 and 36 are reposi- 
tioned for decreasing the discharge flow area of the 
exhaust nozzle 32. The primary and secondary flaps 34 
and 36 are conventionally configured and actuated for 35 
obtaining all required contours thereof as is convention- 
ally known, and the chutes 38 extend through respec- 
tive deployment apertures 64 in the primary flaps 34 as 
illustrated in FIG. 2, and are conventionally selectively 
retractable and extendable relative to the primary flaps 40 
34. For example, FIG. 3 illustrates pivot apertures 66 at 
the upstream end of the chute 38 at which the chute 38 
may be pivotally mounted to the primary flap 34 and 
suitably pivoted relative thereto by a conventional actu- 
ator which raises and lowers the chute 38 relative to the 45 
primary flap 34. 

Referring again to FIG. 3, and additionally to FIG. 4, 
the chute first trailing edge 52 is spaced longitudinally 
downstream from the second trailing edge 54 relative to 
a longitudinal axis 68 disposed equidistantly between 50 
the first and second sidewalls 44, 46 for defining a perfo- 
rated extension or septum 70 of the first sidewall 44 
which extends downstream from or relative to the sec- 
ond trailing edge 54 for a longitudinal length L. The 
septum 70 has a plurality of spaced apart apertures 72 55 
for attenuating shock noise generated upon mixing of 
the exhaust gases 30 and the airflow 26. The septum 70 
and the remainder of the first sidewall 44 preferably join 
together at a common thickness T without discontinuity 
which may be obtained by manufacturing the entire 60 
chute 38 from a common piece of sheet metal or by 
casting. The apertures 72 preferably extend completely 
through the septum 70, and the chutes 38 are preferably 
otherwise imperforate except for the apertures 72 in the 
septums 70. 

Referring again to FIG. 4, the first and second side- 
walls 44 and 46 of adjacent ones of the chutes 38 prefer- 
ably face each other for defining therebetween a second 
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channel 74 between each pair of chutes 38 for channel- 
ing the exhaust gases 30 therebetween. The second 
channel 74 may have a constant flow area in the down- 
stream direction; or may be a converging channel hav- 
ing a decreasing flow area; or, in the preferred embodi- 
ment, forms a converging-diverging channel 74 as 
shown in FIG. 4, with a chute throat 14a defined be- 
tween the sidewalls 44, 46 of adjacent chutes 38. The 
chutes 38 are transversely aligned with each other with 
the aft most first trailing edges 52 of the chutes 38 being 
transversely aligned in a first common axial plane; the 
second trailing edges 54 of the chutes 38 being trans- 
versely aligned in a second common axial plane dis- 
posed upstream of the first common plane; and the 
leading edges 48 of the chutes 38 also being transversely 
aligned in a third common axial plane disposed up- 
stream of the second common axial plane. The septums 
70 of adjacent chutes 38 face each other without ob- 
struction from the chute second trailing edges 54 and 
are parallel to each other in this exemplary embodi- 
ment. 

As shown in FIGS. 1 and 2, when sound suppression 
is desired, the chutes 38 are deployed inwardly into the 
exhaust gases 30, and the ambient airflow 26 is chan- 
neled through the ejector inlet 42 and through the chute 
inlets 62 for flow through the respective first channels 
50. Accordingly, noise from the exhaust gases 30 is 
attenuated in part by the mixing action of the slower 
ambient airflow 26 discharged from the chute outlets 
56, as shown in FIGS. 3 and 4, into the several second 
channels 74 through which the faster exhaust gases 30 
flow. As the exhaust gases 30 flow through the second 
channel 74 they expand as their pressure is decreased 
since this pressure must eventually match that of the 
ambient airflow outside the exhaust nozzle 32 into 
which the exhaust gases 30 are discharged. If the ex- 
haust gases 30 in the second channels 74 are either ove- 
rexpanded or underexpanded upon reaching the chute 
second trailing edges 54 at which they meet the ejector 
airflow 26 discharged from the first channels 50, pres- 
sure or shock waves indicated schematically at 76 will 
be formed. These pressure waves 76 ordinarily will 
increase noise of the exhaust gases 30, but are attenuated 
by the septums 70 in accordance with the present inven- 
tion. The length L of the septum 70 in the flow direction 
is predeterminedly selected to ensure that the pressure 
waves emanating from the chute second trailing edges 
54 are allowed to reflect against the septums 70. The 
porosity of the septum apertures 72 is the total area of 
the apertures 72 relative to the total area of the septum 
70 including the apertures 72 and is selected for maxi- 
mizing the attenuation of noise from the pressure waves 
76. For example, the porosity of the apertures 72 may be 
up to about 10%, with the individual apertures 72 being 
sized and spaced apart for producing noise canceling 
reflection waves. 

More specifically, if the exhaust gases 30 flowing 
through the second channels 74 are overexpanded rela- 
tive to the airflow 26 being channeled through the first 
channels 50, the pressure waves 76 will be compression 
waves which will reflect as expansion waves upon 
meeting the septum apertures 72 for canceling noise. If 
the exhaust gases 30 flowing through the second chan- 
nels 74 are underexpanded relative to the airflow 26 
65 flowing through the first channels 50, the pressure 
waves 76 will be expansion waves which will reflect as 
compression waves upon meeting the septum apertures 
72 for also canceling noise. Of course, the pressure 
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waves 76 which reflect off the flat portions of the sep- 
tum 70 between the apertures 72 reflect therefrom with- 
out changing to the opposing canceling wave. 

Each of the second channels 74 has a transverse 
width W 2 between the adjacent first and second side- 
walls 44 and 46 of adjacent chutes 38 at the chute throat 
74 a, and the ratio of the septum streamwise length L to 
the second channel width W 2 is predetermined for each 
design application for allowing the pressure waves 76 
generated at the chute second trailing edges 54 upon 
mixing of the airflow 26 and the exhaust gases 30 to 
reflect off the septum 70 for attenuating noise. As 
shown in FIG. 3, each of the septums 70 preferably 
extends inwardly for the full vertical extend of the first 
sidewall 44 and has a height H. In this way, sound sup- 
pression is provided for the full vertical extend of each 
chute 38 where the ejector airflow 26 mixes with the 
exhaust gases 30. In a preferred embodiment, the ratio 
of the septum length L to the second channel width W 2 
is greater than about 2 for allowing the pressure waves 
76 to reflect off the septums 70. Of course, the perfo- 
rated septum 70 itself adds drag to the airflow 26 and 
exhaust gases 30 which flow over the opposite sides 
thereof and, therefore, the length L should be only as 
long as required for obtaining effective sound suppress- 
ing reflection of the pressure waves 76 which may be 
determined for each particular design application either 
analytically or empirically. 

Accordingly, the chutes 38 having the perforated 
septums 70 as described above provide increased noise 
suppression when the exhaust gases 30 are imperfectly 
expanded in the second channels 74. The chutes are 
relatively simple in structure and relatively thin for 
allowing the chutes 38 to be readily stowed when not 
needed for sound suppression, and when extended into 
the exhaust gases 30 the relative thinness thereof re- 
duces drag penalties. The thin septums 70 are also more 
closely positionable to the source of pressure of shock 
waves emanating from the second trailing edges 54, 
with the plurality of septums 70 associated with the 
plurality of chutes 38 being effective for localizing noise 
attenuation where needed. 

Although in the preferred embodiment disclosed 
above, the chutes 38 cooperate in combination with the 
exhaust nozzle 32 and the ejector 40, they may be used 
in alternate forms and with different sources of the 
airflow 26. For example, the bypass airflow channeled 
through the bypass duct 28 may be suitably channeled 
through the chutes 38 for mixing with the exhaust gases 
30 for attenuating noise. And, the septums 70 may be 
added to a conventional daisy-type annular mixer as- 
sembly for suppressing sound generated at the conflu- 
ence of the bypass air through the bypass duct 28 and 
the exhaust gases 30 discharged from the LPT 22. 

While there have been described herein what are 
considered to be preferred embodiments of the present 
invention, other modifications of the invention shall be 
apparent to those skilled in the art from the teachings 
herein, and it is, therefore, desired to be secured in the 
appended claims all such modifications as fall within the 
true spirit and scope of the invention. 

Accordingly, what is desired to be secured by Letters 
Patent of the United States is the invention as defined 
and differentiated in the following claims: 

1. A mixer for mixing airflow with exhaust gases 
generated in a gas turbine engine comprising: 

at least one generally U-shaped chute having first and 
second longitudinally extending and transversely 
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spaced apart sidewalls joined together at a leading 
edge over which are flowable said exhaust gases, 
and defining therebetween a first channel for chan- 
neling said airflow; 

5 said first and second sidewalls further having first and 
second trailing edges defining therebetween an 
elongate chute outlet for discharging said airflow 
from said chute for mixing with said exhaust gases; 
and 

10 said first trailing edge being spaced longitudinally 
downstream from said second trailing edge for 
defining a septum in said first sidewall extending 
downstream from said second trailing edge, said 
septum having a plurality of spaced apart apertures 

1 5 for attenuating noise generated upon mixing of said 
exhaust gases and said airflow. 

2. A mixer according to claim 1 wherein said aper- 
tures extend through said septum and are disposed 
downstream of said second trailing edge of said second 

20 sidewall. 

3. A mixer according to claim 2 further comprising a 
plurality of said chutes transversely spaced apart from 
each other with said first and second sidewalls of adja- 
cent ones of said chutes facing each other for defining 

25 therebetween a second channel for channeling said 
exhaust gases therebetween; and wherein 

said first trailing edges of said chutes are transversely 
aligned in a first common plane; 

said second trailing edges of said chutes are trans- 

30 versely aligned in a second common plane disposed 
upstream of said first common plane; and 

said septums of said adjacent chutes face each other 
without obstruction from said chute second trailing 
edges. 

35 4. A mixer according to claim 3 wherein each of said 

septums has a longitudinal length, and each of said sec- 
ond channels has a transverse width between said adja- 
cent first and second sidewalls, and the ratio of said 
septum length to said second channel width is predeter- 

40 mined for allowing pressure waves generated at said 
chute second trailing edge to reflect off said septum for 
attenuating noise. 

5. A mixer according to claim 4 wherein said ratio of 
said septum length to said second channel width is 

45 greater than about 2.0. 

6. A mixer according to claim 4 wherein said septum 
apertures have an area porosity of up to about 10% and 
wherein individual ones of said septum apertures are 
sized and spaced apart from one another so as to pro- 

50 duce noise canceling reflection waves. 

7. A mixer according to claim 4 wherein said chute 
first and second sidewalls are generally triangular, and 
said chute leading edge is inclined relative to said chute 
first and second trailing edges, wherein said septum is 

55 rigidly joined to a remainder of said first sidewall. 

8. A mixer according to claim 7 wherein said chute 
first and second sidewalls have top edges extending 
from said leading edge to said first and second trailing 
edges, respectively, and being spaced apart to define a 

60 chute inlet for receiving said airflow. 

9. A mixer according to claim 8 in combination with 
a 2-D exhaust nozzle and wherein: 

said chutes are laterally spaced apart with said chute 
inlets being aligned in a common plane; and 

65 said chutes are disposed at an upstream end of said 
exhaust nozzle and are selectively extendable in- 
wardly into said exhaust gases flowable through 
said exhaust nozzle. 
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10. A mixer according to claim 9 wherein said ex- 
haust nozzle includes an ejector having an inlet for 
receiving ambient airflow from outside said engine, said 
ejector inlet being disposed in flow communication 
with said chute inlets for channeling said airflow 5 
thereto. 

11. A mixer for mixing airflow with exhaust gases 
generated in a gas turbine engine comprising: 

at least one generally U-shaped chute having first and 
second longitudinally extending and transversely 10 
spaced apart sidewalls joined together at a leading 
edge over which are flowable said exhaust gases, 
and defining therebetween a first channel for chan- 
neling said airflow; 

said first and second sidewalls further having first and 15 
second trailing edges defining therebetween a 
chute outlet for discharging said airflow from said 
chute for mixing with said exhaust gases; and 

said first trailing edge being spaced longitudinally 
downstream from said second trailing edge for 20 
defining a septum in said first sidewall extending 
downstream from said second trailing edge, said 
septum having a plurality of spaced apart apertures 
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for attenuating noise generated upon mixing of said 
exhaust gases and said airflow, wherein said aper- 
tures extend through said septum; and 
a plurality of said chutes transversely spaced apart 
from each other with said first and second side- 
walls of adjacent ones of said chutes facing each 
other for defining therebetween a second channel 
for channeling said exhaust gases therebetween; 
and wherein 

said first trailing edges of said chutes are transversely 
aligned in a first common plane; 
said second trailing edges of said chutes are trans- 
versely aligned in a, second common plane disposed 
upstream of said first common plane; 
said septums of said adjacent chutes face each other 
without obstruction from said chute second trailing 
edges; and 

said second channel is in the form of a converging- 
diverging channel having a chute throat defined 
between said first and second sidewalls of said 

adjacent chutes. 

* * * * * 
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